this retrospective study compared adjuvant chemotherapy (AC) versus observation after radical cystectomy (RC) in patients with node-positive bladder cancer (pN+). outcomes were reviewed in patients with pTanyN1-3M0 bladder cancer who underwent RC with or without AC between 1995 and 2017. Baseline characteristics between the two groups were controlled with inverse probability of treatment weighting (IPTW)-adjusted analyses. Of 281 enrolled patients, the 3-year IPTW-adjusted rates of overall survival was higher in the AC group than the RC group (46.4% vs. 33.7%, p = 0.024). AC was an independent predictor of overall survival (hazard ratio = 0.48; P < 0.0001). When patients were subdivided by lymph node density (LND), the 3-year overall survival rates were similar between the AC and RC groups in patients with LND < 9%, but higher in the AC group in patients with LND 9-25% (53.4% vs. 23.7%) and LND ≥ 25% (27.4% vs. 16.1%). The numbers needed to treat to prevent one death at 3 years were three and nine in patients with LND 9-25% and ≥25%, respectively. In conclusion, AC after RC was associated with improved overall survival in patients with node-positive bladder cancer.
www.nature.com/scientificreports www.nature.com/scientificreports/ not undergo removal of ≥10 lymph nodes, or had inadequate clinical data were excluded. After exclusion, 281 patients were enrolled. Patient data, including clinicopathologic features, demographic characteristics, preoperative and postoperative variables, and survival outcomes, were evaluated retrospectively.
Patients were subdivided into two groups based on postoperative management. The RC group consisted of patients who underwent RC alone without adjuvant treatment, and the AC group consisted of patients who underwent AC after RC. The perioperative treatments and chemotherapeutic regimens were not randomized and were determined based on clinician or patient preferences. In the AC group, 159 patients were treated with cisplatin-based chemotherapeutic regimens, with a median of four cycles; of these, 134 (84.3%) patients completed a median of four cycles of gemcitabine and cisplatin, and 25 (15.7%) received a median of four cycles of methotrexate, vinblastine, doxorubicin, and cisplatin. All enrolled patients underwent lymph node dissection including the obturator, internal iliac, external iliac, presacral, and common iliac lymph nodes. The main outcome was overall mortality. Tumors were staged according to the seventh American Joint Committee on Cancer (AJCC) 2010 TNM staging system. statistical analysis. Differences in baseline characteristics between the two groups were controlled with inverse probability of treatment weighting (IPTW)-adjusted analyses. The propensity score was estimated with surgery alone as the dependent variable by multiple logistic regression analysis. A full non-parsimonious model was developed that included all the variables in Table 1 and the interaction terms between variables. Model discrimination was assessed with c statistics (=0.756), and model calibration was assessed with Hosmer-Lemeshow statistics [Chi-square = 6.221, degrees of freedom (DF) = 8; p = 0.623]. The absolute standardized differences were used to diagnose the balance. All absolute standardized differences after weighting were less than 0.1. To avoid immortal-time bias, the landmark analysis method was used with 4 months after surgery as the fixed time.
To evaluate the effectiveness of AC, the number needed to treat, defined as the average number of patients who must be treated to prevent one detrimental outcome, was calculated.
Clinicopathological data were expressed as frequencies and means. Differences in categorical variables between groups were assessed using the Chi-square test, and differences in continuous variables were assessed using Student's t-tests. Variables prognostic for survival were assessed by multivariate analysis using the stratified Table 1 . Baseline characteristics of the patients. LN, lymph node; CIS, carcinoma in situ; LVI, lymphovascular invasion; UC, urothelial carcinoma. Results are reported as n (%) unless otherwise indicated.
*
To avoid immortal-time bias, the landmark analysis method was used with 4 months after surgery as the fixed time.
time-varying covariate Cox model with a stepwise backwards elimination approach. Covariates in the final model were selected based on the statistical significance in univariate analysis (p < 0.2). Survival outcomes were determined using the Kaplan-Meier method and compared with log-rank tests. Competing risks regression was performed to test the association of predictor variables after accounting for other-cause mortality. All statistical tests were two-tailed, with a significance level of 0.05. All statistical analyses were performed using SPSS version 25.0 (IBM, Armonk, NY, USA) and R version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Baseline characteristics are summarized in Table 1 . Of the 281 patients with pN+ bladder cancer enrolled in this retrospective study, 122 (43.4%) underwent RC alone and 159 (56.6%) received AC after RC. The median follow-up duration for enrolled patients was 38.4 months. Age, gender, and cystectomy pathology, including pathologic stage and nodal status, did not differ significantly between the RC and AC groups. However, patients in the RC group were older and had a higher rate of receiving neoadjuvant chemotherapy before RC.
In the unweighted study population, the 3-year metastasis-free survival rate was similar between the AC and RC groups (38.7% vs. 32.8%, p = 0.382; Fig. 1A ), but patients in the AC group had a significantly higher 3-year overall survival rate than those in the RC group (47.1% vs. 28.9%, p < 0.001; Fig. 1B) .
Consistently, the 3-year IPTW-adjusted rates of metastasis-free survival were similar between the AC and RC groups (35.8% vs. 31.2%, p = 0.471; Fig. 2A ), but the IPTW-adjusted overall survival rate was higher in the AC than the RC group (46.4% vs. 33.7%, p = 0.024; Fig. 2B ). AC was associated with overall survival in both the time-varying Cox model (HR = 0.478; 95% CI, 0.344-0.665; P < 0.0001; Table 2 ) and the IPTW-adjusted model (hazard ratio (HR) = 0.663; 95% confidence interval (CI), 0.464-0.947, p = 0.024; Table 3 ). Competing risks regression analysis (Supplementary Table 1) showed that AC was independently associated with a decreased risk of cancer-specific death (HR = 0.641; 95% CI, 0.454-0.906; p = 0.0117). www.nature.com/scientificreports www.nature.com/scientificreports/ Patients were divided into three tertiles according to lymph node density (LND), as follows: <9%, 9-25%, and ≥25%. When subdivided according to LND, the 3-year metastasis-free survival rates were similar between the AC and RC groups in patients with LND < 9% (52.6% vs. 55.3%, p = 0.662) and ≥25% (23.3% vs. 13.2%, p = 0.200; Fig. 3) . However, the 3-year metastasis-free survival rate was significantly higher in the AC group in patients with LND 9-25% (48.0% vs. 24.7%, p = 0.013; Fig. 3B ). The 3-year overall survival rates were also similar between the AC and RC groups in patients with LND < 9% (58.7% vs. 51.7%, p = 0.878; Fig. 3D ), but higher in the AC group in patients with LND 9-25% (53.4% vs. 23.7%, p = 0.003; Fig. 3E ) and LND ≥ 25% (27.4% vs. 16.1%, p = 0.032; Fig. 3F ). The numbers needed to treat to prevent one death at 3 years were three and nine in patients with LND 9-25% and ≥25%, respectively.
Discussion
Despite the clear survival advantage, population-based studies show that only approximately 20% of muscle-invasive bladder cancer patients receive neoadjuvant chemotherapy, while AC is reportedly administered often, or more frequently 16, 17 . Although randomized trial evidence is limited, several retrospective studies [12] [13] [14] [15] [16] 18, 19 and meta-analyses 2,10 have investigated whether AC is beneficial for survival in patients with muscle-invasive bladder cancer. Most studies on this issue reported a survival benefit with AC after RC in patients with muscle-invasive bladder cancer. However, the efficacy of AC in pN+ bladder cancer patients has not been fully determined. Lymph node metastasis is associated with a higher rate of metastatic progression after surgery and a lower rate of survival 11 . Some studies show that AC significantly improves the survival of patients with pN+ disease 14, 16, 19 , whereas others do not 10, 18 . In the present study, we reported that, in comparison with RC alone, AC after RC was associated with a survival benefit in pN+ bladder cancer patients in both an IPTW-adjusted analysis and a time-varying Cox model. The LND, the number of positive lymph nodes divided by the total number of lymph nodes removed, was introduced as a novel approach to stratify pN+ patients 20 . The LND has been reported to be a useful prognostic tool because it reflects the nodal disease burden and the meticulousness of the node dissection during RC 21, 22 . Moreover, several studies reported that LND is superior to TNM nodal staging in predicting survival after RC [22] [23] [24] . Consistent with previous studies, in the present study, LND was an independent predictor of overall mortality, whereas the pathologic N-stage was not prognostic.
Considering that neoadjuvant chemotherapy may impact the outcome in patients who received AC, an IPTW-adjusted analysis was performed to correct for any neoadjuvant chemotherapy effect. In one recent study, AC administration after surgery was associated with a significant overall survival benefit in patients treated with neoadjuvant chemotherapy in a relatively large observational cohort 15 . However, in the present study, Kaplan-Meier analysis showed that overall survival was similar in neoadjuvant chemotherapy-treated patients in Table 3 . Effect of adjuvant chemotherapy on overall survival in patients with node-positive bladder cancer. CI, confidence interval; IPTW, inverse probability of treatment weighing.
www.nature.com/scientificreports www.nature.com/scientificreports/ the AC group and the RC group (Supplementary Fig. 1 ). This disparate outcome may be due to the limited number of patients treated with neoadjuvant chemotherapy in the present study cohort (n = 49) and any unadjusted confounding factors. Competing risks regression analysis showed that neoadjuvant chemotherapy was associated with an increased risk of cancer-specific death. Similarly, two recent studies reported that neoadjuvant chemotherapy is associated with a worse prognosis in pathologically node-positive patients who underwent RC 19, 25 . Notably, in this study, the survival benefit from AC differed according to LND. Patients were stratified into tertiles based on the LND because there is no consensus regarding the appropriate cut-off points for LND. The present study showed that adjuvant cisplatin-based chemotherapy after RC may not be beneficial in pN+ bladder cancer with a low nodal burden. The lack of difference in survival outcomes between RC alone and AC with RC in patients with LND < 9% indicates that low nodal burden disease could be cured with RC assuming meticulous lymph node dissection, similar to previous reports 22, 26, 27 . By contrast, AC after RC was associated with a survival benefit in patients with LND ≥ 9%. In addition, we quantified the effectiveness of AC versus surgery alone based on the numbers needed to treat. To benefit one patient, a higher number of patients would need to be treated with AC in the LND ≥ 25% group (nine) compared to the LND 9-25% group (three). These results indicate that patients with an intermediate nodal burden may benefit most from AC after RC, whereas conventional adjuvant cisplatin-based chemotherapy may be less effective in disease with extensive nodal involvement. Since the effect of AC decreased with increasing nodal burden in this study cohort, we attempted to identify a cut-off point where the benefit from AC was not significant. AC was not associated with a survival benefit in pN+ disease with LND ≥ 35% or 40%, but remained beneficial in patients with LND ≥ 30% (Supplementary Fig. 2) .
The difference in survival benefit from AC in pN+ bladder cancer according to LND highlights the importance of individual postoperative treatment strategies. The results reported in this study suggest that AC should be considered in pN+ patients with an intermediate nodal burden. By contrast, careful surveillance may be a viable treatment option in pN+ patients with a low nodal burden after RC with meticulous lymph node dissection. Patients with a high nodal disease burden have a poor prognosis even with AC after surgery. Treatment with newly emerging immune checkpoint inhibitors 28, 29 or enrollment in clinical trials should be considered to prolong the survival of these patients. Recently, molecular subtype classification of advanced bladder cancer to predict chemotherapy responses showed promising results 30, 31 and may be useful in treatment planning for pN+ bladder cancer patients.
This study had several limitations. First, this study was retrospective in nature and susceptible to selection biases. The non-randomized study design and the lack of standardized protocols for perioperative chemotherapy, lymph node dissection, and salvage therapy may have introduced biases. To overcome this, an IPTW-adjusted landmark analysis was performed, but such methodology cannot account for unknown confounding factors. Therefore, caution should be exercised in drawing conclusions from this study regarding the efficacy of AC. Secondly, although this was a relatively large cohort study regarding adjuvant chemotherapy in pN+ bladder cancer patients, the number of patients limited various subgroup analyses. Our results suggest the need for prospective randomized trials comparing RC alone and AC followed by RC in patients with pN+ bladder cancer.
Conclusions
AC administration after RC was associated with improved overall survival in patients with pN+ bladder cancer. The survival benefit from AC after RC may differ according to LND. Patients with an intermediate nodal burden may benefit most from AC, whereas the effect of AC was not apparent in low nodal burden disease. Prospective randomized studies are needed to confirm the results of the present study. 
